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[57] ABSTRACT 
A photoconductive member comprises a support, a 
photoconductive layer constituted of an amorphous 
material containing silicon atoms as matrix and contain 
ing hydrogen atoms or halogen atoms, and an interme 
diate layer provided between them, said intermediate 
layer having a function to bar penetration of carriers 
from the side of the support into the photoconductive 
layer and to permit passage from the photoconductive 
layer to the support of photocarriers generated in the 
photoconductive layer by projection of electromag 
netic waves and movement of the photocarriers toward 
the side of the support, and said intermediate layer 
being constituted of an amorphous material containing 
silicon atoms and carbon atoms a constituents. A photo 
conductive member having a support, a photoconduc 
tive layer constituted of an amorphous material contain 
ing silicon atoms as matrix and containing hydrogen 
atoms or halogen atoms as a constituent, and an inter 
mediate layer provided between said support and said 
photoconductive layer, is characterized in that said 
intermediate layer is constituted of an amorphous mate 
rial containing silicon atoms and carbon atoms as consti 
tution elements. A photoconductive member having a 
support, a photoconductive layer constituted of an 
amorphous material containing silicon atoms as matrix 
and containing hydrogen atoms or halogen atoms as a 
constituent, and an intermediate layer provided be 
tween said support and said photoconductive layer, 
characterized in that said intermediate layer is consti 
tuted of an amorphous material containing silicon atoms 
and carbon atoms as constitution element. 

98 Claims, 18 Drawing Figures 
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PHOTOCONDUCI‘ IVE MEMBER WITH (1-SI(C) 
BARRIER LAYER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a photoconductive member 

having a sensitivity to electromagnetic waves such as 
light (herein used in a broad sense, including ultraviolet 
rays, visible light, infrared rays, X-rays, gamma-rays, 
and the like). 

2. Description of the Prior Art 
Photoconductive materials, which constitute solid 

state image pickup devices, image forming members for 
electrophotography in the ?eld of image formation, or 
photoconductive layers in manuscript reading devices, 
are required to have a high sensitivity, a high SN ratio 
[photo-current(Ip)/dark current(ld)], spectral charac 
teristics corresponding to those of electromagnetic 
waves to be projected, a good light-response, a desired 
dark resistance value as well as no harm to human bod 
ies during usage. Further, in an image pickup device, it 
is also required that the residual image should easily be 
treated within a predetermined time. In particular, in 
the case of image forming members for electrophotog 
raphy to be assembled into an electrophotographic de 
vice to be used in an of?ce as office apparatus, the afore 
said harmless characteristic is very important. 
From the standpoint as mentioned above, amorphous 

\ silicon (hereinafter referred to as a-Si) has recently 
attracted attention as a photoconductive material. For 
example, German Laid'open Patent Publication Nos. 
2,746,967 and 2,855,718 disclose applications of a-Si for 
use in image forming members for electrophotography, 
and British Laid-open Patent Publication No. 2,029,642 
an application of a-Si for use in a photoelectric conver 
sion reading device. However, the photoconductive 
members having photoconductive layers constituted of 
a-Si of prior art have various electrical, optical and 
photoconductive characteristics such as dark resistivity, 
photosensitivity and light-response as well as environ 
mental characteristics in use such as weathering resis 
tance and humidity resistance, which should further be 
improved. Thus, in a practical solid state image pickup 
device, reading device, an image forming member for 
electrophotography, and the like, they cannot ‘be effec 
tively used also in view of their productivity and possi 
bility of their mass production. 
For instance, when applied in an image forming mem 

ber for electrophotography or an image pickup device, 
residual potential is frequently observed to be remained‘ 
during use thereof. When such a photoconductive 
member is repeatedly used for a long time, there will be 
caused various inconveniences such as accumulation of 
fatigues by repeated use or so called ghost phenomenon 
wherein residual images are formed. 

Further, according to a number of experiments by the 
present inventors, a-Si material constituting the photo 
conductive layer of an image forming member for elec 
trophotography, while it has a number of advantages, as 
compared with Se, Zno or orgainc photoconductive 
materials such as PVCz, TNF, and the like of prior art, 
is also found to have several problems to be solved. 
Namely, even if charging treatment is applied for for 
mation of electrostatic images on the photoconductive 
layer of an image forming member for electrophotogra 
phy having a photoconductive member constituted of a 
mono-layer of a-Si which has been endowed with char 
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2 
acteristics for use in a solar battery of prior art, dark 
decay is markedly rapid, whereby it is dif?cult to apply 
a conventional photographic process. This tendency is 
further pronounced under a humid atmosphere to such 
an extent in some cases that no charge is retained at all 
before development. 

Thus, it is required upon designing a photoconduc 
tive material to make efforts to obtain desirable electri 
cal, optical, and photoconductive characteristics along 
with the improvement of a-Si materials per se. 
The present invention was accomplished to solve the 

above-mentioned problems. The followings have been 
found as a result of extensive stuides made comprehen 
sively from the standpoints of applicability and utility of 
a-Si as a photoconductive member for image forming 
members for electrophotography, image pickup devices 
or reading devices. It has now been found that a photo 
conductive member manufactured to have a layer struc 
ture comprising a photoconductive layer of a so called 
hydrogenated amorphous silicon (hereinafter referred 
to as a-SizH), which is an amorphous material contain 
ing hydrogen in a matrix of silicon, or a so called halo~ 
genated amorphous silicon (hereinafter referred to as 
a-Si:X), which is an amorphout material containing 
halogen atoms(X) in a matrix of silicon atoms, and a 
specific intermediate layer interposed between said 
photoconductive layer and a support which supports 
said photoconductive layer, is not only actually useful 
but also superior in substantially all features in compari 
son with photoconductive members of prior art, and has 
especially markedly excellent characteristics as a photo 
conductive member for electrophotography. The pres 
ent invention is based on this ?nding. 

SUMMARY OF THE INVENTION 
The primary object of the present invention is to 

provide a photoconductive member having constantly 
stable electrical, optical and photoconductive charac 
teristics, which is an all-environment type substantially 
without limitations with respect to the environment 
under which it is used, being markedly resistant to light 
fatigue without deterioration after repeated use and free 
entirely or substantially from residual potentials ob 
served. 
Another object of the present invention is to provide 

a photoconductive member, having a high photosensi 
tivity with a spectral sensitive region covering substan 
tially all over the region of visible: light, and having also 
a rapid light-response. 

Still another object of the present invention is to 
provide a photoconductive member, which is suffi 
ciently capable of bearing charges at the time of charg 
ing treatment for formation of electrostatic images to 
the extent such that a conventional electrophotographic 
process can be applied when it is provided for use as an 
image forming member for electrophotography, and 
which has excellent electrophotographic characteristics 
of which substantially no deterioration is observed even 
under a highly humid atmosphere. 

Further, still another object of‘ the present invention 
is to provide a photoconductive: member for electro 
photography capable of providing easily a high quality 
image which is high in density, clear in halftone and 
high in resolution. 
According to one aspect of the present invention, 

there is provided a photoconductive member having a 
support, a photoconductive layer constituted of an 
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amorphous material containingsilicon atoms as matrix 
and containing hydrogenxatoms or, halogen atoms as a 
constituting element, ‘and an intermediate layer pro 
vided between said support and said photoconductive 
layer, characterized in that said intermediate layer com 
prises an amorphous material constituted of silicon 
atoms and carbon atoms. 
According to another aspect of the present invention, 

there is provided a photoconductive member compris 
ing a support, a photoconductive layer constituted of an 
amorphous material containing silicon atoms as matrix 
and containing hydrogen atoms or halogen atoms, and 
an intermediate layer provided between them, said in 
termediate layer having a function to bar penetration of 
carriers from the side of the support into the photocon 
ductive layer and to permit passage from the photocon 
ductive layer to the support of photocarriers generated 
in the photoconductive layer by projection of electro 
magnetic waves and movement of the photocarriers 
toward the side of the support, and said intermediate 
layer being constituted of an amorphous material con 
taining silicon atoms and carbon atoms as constituting 
elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 through 12 show schematic sectional views 
of the embodiment of the photoconductive members 
according to the present invention, respectively; and 
FIGS. 13 through 18 show schematic flow charts for 

illustration of the devices for preparation of the photo 
conductive members according to the present inven 
tion, respectively. ' 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring now to the drawings, the photoconductive 
members according to the present invention are to be 
described in detail below. ' 
FIG. 1 shows a schematic sectional view for illustra 

tion of the basic embodiment of the photoconductive 
member of this invention. 
The photoconductive member 100 as shown in FIG. 

1 is one of the most basic embodiment, having a layer 
structure comprising a support 101 for photoconductive 
member, an intermediate layer 102 provided on said 
support and a photoconductive layer 103 provided in 
direct contact with said intermediate layer 102. 
The support 101 may be either electroconductive or 

insulating. As the electroconductive material, there 
may be mentioned metals such as NiCr, stainless steel, 
Al, Cr, Mo, Au, Ir, Nb, V, Ti, Pt, Pd, etc. or alloys 
thereof. 
As insulating supports, there may be usually used 

?lms or sheets of synthetic resins, including polyesters, 
polyethylene, polycarbonates, cellulose actate, polypro 
pylene, polyvinyl chloride, polyvinylidene chloride, 
polystyrene, polyamides, etc., glasses, ceramics, papers 
and the like. These insulating supports may suitably 
have at least one surface subjected to electroconductive 
treatment, and it is desirable to provide other layers on 
the side at which said electroconductive treatment has 
been applied. 
For example, electroconductive treatment of a glass 

can be effected by providing a thin ?lm of NiCr, Al, Cr, 
Mo, Au, Ir, Nb, Ta, V, Ti, Pt, Pd, In2O3, SD02, ITO(In 
2O3+SnO2) thereon. ‘Alternatively, a synthetic resin 
?lm such as polyester ?lm can be subjected to the elec 
troconductive treatment on its surface by vapor deposi 
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4 
tion, electron-beam deposition or sputtering of a metal 
such as NiCr, Al, Ag, Pb, Zn, Ni, Au, Cr, Mo, Ir, Nb, 
Ta, V, Ti, Pt, and the like or by laminating treatment 
with said metal. The support may be shaped in any form 
such as cylinders, belts, plates, and the like, and its form 
may be determined as desired. For example, when the 
photoconductive member 100 shown in FIG. 1 is to be 
used as an image forming member for electrophotogra 
phy, it may desirably be formed into an endless belt or 
a cylinder for use'in continuous high speed copying. 
The support may have a thickness, which is suitably 
determined so that a photoconductive member as de 
sired may be formed. When the photoconductive mem 
ber is required to have a ?exibility, the support is made 
as thin as possible, so far as the function of a support can 
be suf?ciently exhibited. However, in such a case, the 
thickness is generally 10);. or more from the points of 
fabrication and handling of the support as well as its 
mechanical strength. 
The intermediate layer 102 is constituted of a non 

photoconductive amorphous material containing silicon 
atoms and carbon atoms (hereinafter referred to as a: 
SixCH, wherein 0<x<1), which has the function of a 
so called barrier layer capable of berring effectively 
penetration of carriers into the photoconductive layer 
103 from the side of the support 101 and permitting. 
easily the photocarriers, which are generated by projec 
tion of electromagnetic wavesin the photoconductive 
layer 103 and migrate toward the support 101 to pass 
therethrough from the side of the photoconductive 
layer 103 to the side of the support 101. 
The intermediate layer 102 constituted of a-SixC1_x 

may be formed by a sputtering method, an ion implanta 
tion method, an ion plating method, an electron-beam 
method or the like. These production methods are suit 
ably selected depending on the factors such as produc 
tionconditions, the degree of loading of installation 
capital investment, production scale, the desirable-char 
acteristics of the photoconductive members to be pre 
pared, and the like. On the base of the advantages of 
relatively easy control of the conditions for preparation 
of photoconductive members having desired character 
istics as well as easy feasibleness of introduction of 
carbon atoms together with silicon atoms into the inter 
mediate layer 102 to be prepared, it is preferred to use 
the sputtering method, the electron-beam method or the 
ion plating method. . 
For formation of the intermediate layer 102 by the 

sputtering method, a single crystalline or polycrystal 
line Si wafer and C wafer or a wafer containing Si and 
C mixed therein is used as target and subjected to sput 
tering in an atmosphere of various gases. 
For example, when Si wafer and C wafer are used as 

target, a gas for sputtering such as He, Ne, Ar, and the 
like is introduced into a deposition chamber for sputter 
ing to form a gas plasma therein and effect sputtering of 
the Si wafer and C wafer. Alternatively, one sheet tar 
get of .a molded mixture of Si and C can be used and by 
introducinga gas for sputtering into a device system, 
sputtering may be effected in an atmosphere of the gas. 
When the electron-beam method is used, there are 

placed respectively single crystalline or polycrystalline 
high purity silicon and high purity graphite in two boats 
for deposition, and each may independently be irradi 
ated by an electron beam to effect concurrently vapor 
deposition of both materials. Alternatively, crystalline 
silicon (Si) and graphite (C)_ placed in the same single 
boat for deposition may be irradiated by a single elec 
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tron beam to effect vapor deposition. The ratio of sili 
con atoms to carbon atoms to be contained in the inter~ 
mediate layer 102 is controlled in the former case by 
varying the acceleration voltage for electron beams 
applied on the crystalline silicon and graphite, respec 
tively, and by the predetermined mixing ratio of crystal 
line silicon to graphite in the latter. 
When the ion plating method is used, various gases 

are introduced into a deposition tank and a high fre 
quency electric ?eld is applied on the coil previously 
rolled around the tank to effect a glow discharge, under 
such state Si and C are vapor deposited by utilizing the 
electron beam method. 
The intermediate layer 102 of the present invention is 

formed carefully so that the characteristics required 
may be given exactly as desired. 

In other words, a substance constituted of silicon 
atoms (Si) and carbon atoms (C) can structurally take a 
form from a crystalline to amorphous state depending 
on the conditions for preparing thereof, exhibiting as 
electrical properties from electroconductive through 
semi-conductive to insulating, and from photoconduc 
tive to non-photoconductive, respectively. Hence, in 
the present invention, the conditions are severely se~ 
lected for preparation of an a-SixCH non-photoconduc~ 
tive in so-called visible region. 

Since the function of the intermediate layer 102 of 
this invention is to bar penetration of carriers from the 
side of the support 101 into the photoconductive layer 
103, while the photocarriers generated in the photocon 
ductive layer 103 are easily permitted to be migrated 
and passed therethrough to the side of the support 101, 
it is desirable that a-SixC1.x constituting the intermediate 
layer 102 is formed so as to exhibit insulating behaviors 
in the visible region. 
As another critical element in, the conditions for pre 

paring a—SixC1_x so as to have a mobility value with 
respect to passing carriers to the extent that passing of 
photocarriers generated in the photoconductive layer 
103 may be passed smoothly through the intermediate 
layer 102, there may be mentioned the support tempera 
ture during preparation thereof. 

In other words, upon forming an intermediate layer 
102 constituted of a-SixCpx on the surface of the sup 
port 101, the support temperature during the layer for 
mation is an important factor affecting the structure and 
characteristics of the layer formed. In the present inven 
tion, the support temperature during the layer forma 
tion is severely controlled so that the a-SixCLx having 
the desired characteristics may be prepared exactly as 
desired. 

In order that the objects of the present invention may 
be achieved effectively, the support temperature during 
formation of the intermediate layer 102, which is suit_ 
ably selected within an optimum range depending on 
the method employed for formation of the intermediate 
layer 102 is generally 20° to 200° C., preferably 20° to 
150° C. 
For formation of the intermediate layer 102, it is 

advantageous to adopt a sputtering method or an elec 
tron beam method, since these methods can afford se 
vere controlling of the atomic ratios constituting each 
layer or layer thicknesses with relative ease as com 
pared with other methods and it is possible to form 
continuously the photoconductive layer 103 on the 
intermediate layer 102 and further a third layer to be 
formed on the photoconductive layer 103 in the same 
system, if desired. In case of forming the intermediate 
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6 
layer 102 according to these layer forming methods, the 
discharging power during layer formation may also be 
mentioned, similarly to the support temperature as de 
scribed above, as an important factor in?uencing the 
characteristics of a-SixC1.x to be prepared. 

In such methods for preparation of the intermediate 
layer, the discharging power condition for preparing 
effectively a-SixC1.x having characteristics for accom 
plishment of the object of this invention is generally 50 
W to 250 W, preferably 80 W to 150 W. 
The content of the carbon atoms (C) in the intermedi 

ate layer 102 in the photoconductive member of this > 
invention is also one of the important factor for forming 
the intermediate layer 102 with desired characteristics 
to achieve the object of this invention, similarly to the 
condition for preparation of the intermediate layer 102. 
The content of carbon atoms (C) in the intermediate 
layer is, based on silicon atoms (Si) and carbon atoms 
(C), generally 60 to 90 atomic %, preferably 65 to 80 
atomic %, most preferably 70 to 75 atomic %. As ex 
pressed alternatively, in terms of the previous represen 
tation a—SixC1.x, x is generally 0.4 to 0.l, preferably 0.35 
to 0.2, most preferably 0.3 to 0.25.. t 
The numerical range of the layer thickness of the 1 

intermediate layer 102 is also another important factors 
to achieve effectively the object of this invention. 

In other words, if the layer thickness of the intermedi 
ate layer is too thin, the function of barring penetration 
of carriers from the side of the support 101 into the 
photoconductive layer 103 cannot sufficiently be ful 
?lled. On the contrary, if the thickness is too thick, the 
probability of the photocarriers generated in the photo 
conductive layer 103 to pass to the side of the support 
101 is very small. Thus, in any of the cases, the objects 
of this invention cannot effectively be achieved. 
The layer thickness to achieve effectively the objects 

of this invention is generally in the range of from 30 to 
1000 A, preferably from 50 to 600 , most preferably 
from 50 to 300 A. 

In the present invention, in order to achieve its ob— 
jects effectively, the photoconductive layer 103 over~ 
laid on the intermediate layer is constituted of a-Si:H 
having the semiconductor characteristics as shown be 
low. 

1. p-type a-Si:H . . . Containing only acceptor or 
containing both donor and acceptor with higher con 
centration of acceptor (Na). 

2. p—-type a-Si:H . . . A type of l which contains 
acceptor at low concentration (Na), for example, being 
doped with an appropriate quantity of p-type impuri~ 
ties. 

3. n-type a-Si:H . . . Containing only donor or con 

taining both donor and acceptor with higher concentra 
tion of donor (Nd). 

4. n—-type a-Si:H . . . A type of 3 which contains 
donor at low concentration (Nd), for example, being 
doped lightly with n-type impurities or non-doped. 

5. i-type a-Si:H . . . Where Na=Nd_~_O or NazNd. 

In the present invention, a-SizI-l constituting the pho 
toconductive layer 103, since it is provided through the 
intermediate layer 102 on the support, can be one hav 
ing relatively lower electric resistivity, but for obtaining 
better results, the photoconductive layer is preferably 
produced, so that the dark resistivity of the photocon 
ductive layer formed may preferably be 5 X 109 (Tom or 
more, most preferably 1010 item or more. 

In particular, the numerical condition for the dark 
resistivity values is an important factor when using the 
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prepared photoconductive member as an image forming 
member for electrophotography, as a high sensitive 
reading device or an image pickup device to be used 
under low illuminance regions, or as a photoelectric 
converter. 

In the present invention, for providing a photocon 
ductive layer constituted of a-Si:H, hydrogen atoms (H) 
are incorporated during formation of such a layer in the 
following process. 
The expression “H is contained or incorporated in a 

layer” herein mentioned means the state, in which “H is 
bonded to Si”, or in which “H is ionized to be incorpo 
rated in the layer”, or in which “H is incorporated in a 
form of H2 in the layer”. 
As the method for incorporating hydrogen atoms (H) 

into the photconductive layer, for example, silanes such 
as SiH4, Sl2H6, Si3I'Ig, Si4H10 and so on is introduced in 
a gaseous state into a diposition device system when 
forming a layer, and decomposing these compounds by 
the glow discharge decomposition method to be incor 
porated in the layer simultaneously with the growth of 
the layer. 

In forming the photoconductive layer by the glow 
discharge decomposition method, when a silicon hy 
dride such as SiH4, Si2I-I6, Si3Hg, Si4H10 and the like is 
used as the starting material for supplying silicon atoms 
(Si),~hydrogen atoms (H) are automatically incorpo 
rated in the layer when it is formed by decomposition of 
gases of these compounds. 
When the reactive sputtering method is used, H2 gas 

is introduced into the system wherein sputtering is ef 
fected in an atmosphere of an inert gas such as He, Ar, 
and a gas mixture containing these gases as the base, 
using Si as target, or alternatively a gas of silanes such 
as SiH4, Si2H6, Sl3Hg, Si4H10 and the like or a gas such 
as B2H6, PH3 to concurrently effect doping, may be 
introduced thereinto. 
According to the experience by the present inven 

tors, it has been found that the content of hydrogen 
atoms (H) in the photoconductive layer constituted of 
a-Si:H is one of the great factors which determine 
whether the photoconductive layer formed is actually 
useful. 

In the present invention, in order that the photocon 
ductive layer formed is sufficiently useful in practical 
applications, the content of hydrogen atoms (H) in the 
photoconductive layer is generally 1 to 40 atomic %, 
preferably 5 to 30 atomic %. The content of H in the 
layer can be controlled by the deposition support‘ tem 
perature or/and the quantity of the starting material to 
be introduced into the deposition device for incorpora 
tion of H, discharging power or others. 

In order to make the photoconductive layer n-type, 
p-type or i-type, n-type impurity, p-type impurity or 
both can be added into the layer in a controlled amount 
during formation of the layer by the glow discharge 
method or the reactive sputtering method. 
As the impurity to be added into the photoconductive 

layer to make it p-type, there may be mentioned prefer 
ably elements in Group III A of the periodic table, for 
example, B, Al, Ga, In, Tl, etc. 
On the other hand, for obtaining a n-type, there may 

preferably be used elements in the Group VA of the 
periodic table, such as N, P, As, Sb, Bi, etc. 

In case of a-Si:H, the so called non-doped a-SizH, 
which is formed without addition of the n-type impurity 
or the p-type impurity, generally shows slightly the 
tendency of n-type (n—-type). Accordingly, in order to 
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obtain an i-type a-Si:H, it is necessary to add an appro 
priate, although very small, quantity of p-type impurity 
into the non-doped a-SizH. Since a photoconductive 
member for electrophotography is required to have a 
sufficiently large dark resistivity, it is desirable to con 
stitute a photoconductive layer of non-doped a-Si:H or 
an i-type a-Si:H in which a p-type impurity such as B is 
added in a small‘quantity. 
The impurities as described above are contained in 

the layer in an amount in an order of ppm. so that it is 
not necessary to pay such a great attention to the pollu 
tion caused thereby as in the case of the principal ingre 
dients constituting the photoconductive layer, but it is 
also preferable to use a substance which is as less pollut 
ive as possible. From such a standpoint, also in view of 
the electrical and optical characteristics of the layer 
formed, a material such as B, As, P, Sb and the like is 
most preferred. In addition, for example, it is also possi 
ble to control the layer to n-type by interstitial doping 
of Li or others through thermal diffusion or implanta 
tion. 
The amount of the impurity to be added into the 

photoconductive layer, which is determined suitably 
depending on the electrical and optical characteristics 
desired, but in the range of, in case of an impurity in 
Group III A of the periodic table, generally from 10*6 
to 10‘3 atomic ratio, preferably from l0—5 to 10-4 
atomic ratio, and, in case of an impurity in the Group 
VA of the periodic table, generally from 10“8 to 10-3 
atomic ratio, preferably from 10"8 to l0“4atomic ratio. 
FIG. 2 shows a schematic sectional view of another 

embodiment of the photoconductive member of this 
invention. The photoconductive member 200 as shown 
in FIG. 2 has the same layer structure as that of the 
photoconductive member 100 shown in FIG. 1, except 
that the upper layer 205 having the same function as the 
intermediate layer 202 is provided on the photoconduc 
tive layer 203. 

- The photoconductive member 200 is provided with 
an intermediate layer 202 a-SixCH formed of the same 
material as that of the intermediate layer 102 so as to 
have the same function that of the layer 102, a photo 
conductive layer 203 constituted of a-Si:H similar to the 
photoconductive layer 103, and the upper layer 205 
having the free surface 204 which is provided on said 
photoconductive layer 203. 
The upper layer 205 has the following functions. For 

example, when the photoconductive member 200 is 
used in a manner so as to form charge images by apply 
ing charging treatment on the free surface 204, the 
upper layer functions to bar penetration of charges to be 
retained on the free surface 204 into the photoconduc 
tive layer 203, and, when projecting electromagnetic 
waves, also to permit easily passage of the photocarriers 
generated in the photoconductive layer 203 so that the 
carriers may be recombined with the charges at por 
tions projected by electromagnetic waves. 
The upper layer 205 may be constituted by a-SixC1.x 

having the same characteristics as that of the intermedi 
ate layer 202. Moreover, the upper layer may be consti 
tuted of an amorphous material comprising any one of 
silicon atoms (Si), carbon atoms (C), nitrogen atoms 
(N), and oxygen atoms (0), which are the matrix atoms 
constituting the photoconductive layer 203, or the 
amorphous material containing further at least one of 
hydrogen atoms (H) and halogen atoms (X); for exam 
ple, a-SixCH containing at least one of hydrogen atoms 
(H) and halogen atoms (X), a'SiyNl-y, a-SizN1.Z contain 
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ing at least one of hydrogen atoms (H) and halogen 
atoms (X), a-SiaO1.a, a-SibOH, containing at least one of 

' hydrogen atoms (H) and halogen atoms (X). Further, 
the upper layer may also be constituted by an inorganic 
insulating material such as A1203 or organic insulating 
materials such as polyesters, poly~p»xylylene, polyure 
thanes, and the like. However, in view of the productiv 
ity, mass productivity as well as the electrical and envi 
ronmental stabilities during use, the material constitut 
ing the upper layer 205 is desirably a-SixCpx having the 
same characteristics as that of the intermediate layer 202 
or a-SixC1.x containing at least one of hydrogen atoms 
(H) and halogen atoms (X). In addition to those men 
tioned above, other materials suitable for constituting 
the upper layer 205 may include amorphous materials 
containing as matrix at least two of C, N and 0 together 
with silicon atoms, and also containing hydrogen atoms 
or halogen atoms or both. As the halogen atom, there 
may be mentioned F, Cl, Br, etc., but an amorpous 
material containing F is effective with respect to ther 
mal stability. 
When the photoconductive member 200 is used in 

such a way that projection of electromagnetic waves to 
which the photoconductive layer 203 is sensitive is 
conducted from the side of the upper layer 205, selec 
tion of the material constituting the upper layer 205 and 
determination of its layer thickness are conducted care 
fully so that a sufficient amount of the electromagnetic 
waves projected may reach the photoconductive layer 
203 to cause generation of photocarriers with good 
ef?ciency. 
The upper layer 205 may be formed by use of the 

same method and the same material as those in prepara 
tion of the intermediate layer 102. It is also possible to 
use the glow discharge method similarly as in formation 
of the photoconductive layer 103 or 203. Further, it can 
be formed according to the reactive sputtering method, 
using a gas for introduction of hydrogen atoms, a gas 
for introduction of halogen atoms or both thereof. 
As the starting materials to be used for formation of 

the upper layer 205, there may be employed those men 
tioned above which are used for formation of the inter 
mediate layer 102 or the photoconductive layer 103. In 
addition, the effective starting material to be the starting 
gas for introduction of halogen atoms is preferably 
various halogen compounds such as a halogen gas or a 
halide or an interhalogen compound which is gaseous 
or gassi?able. 

Alternatively, it is also effective in the present inven 
tion to use gaseous or gassiflable silicon compound 
containing halogen atoms which can supply both silicon 
atoms (Si) and halogen atoms (X) at the same time. 

Typical examples of halogen compounds preferably 
used in the present invention may include halogen gases 
such as ?uorine, chlorine, bromine and iodine and inter 
halogen compounds such as BrF, ClF, ClF3, BrF5, 
BrF3, IF7, IF5, ICl, lBr, and the like. 
As the silicon compound containing halogen atoms, 

silicon halides such as SiF4, Si2F6, SiCl4, SiBr4, and the 
like are preferred. 
When the upper layer 205 is formed according to a 

glow discharge method by use of a silicon compound 
containing halogen atoms, it is not necessary to use a 
silicon hydride gas as the starting gas capable of supply 
ing Si. In forming the upper layer 205 according to the 
glow discharge method, the basic procedure comprises 
feeding a starting gas for supplying Si such as silicon 
hydride or a gas of silicon halide, a gas of a starting 
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material for introduction of carbon atoms, oxygen 
atoms or nitrogen atoms and, if necessary, a gas such as 
Ar, H2, He, and the like at a predetermined ratio in a 
suitable gas ?ow amount into the deposition chamber 
for formation of the photoconductive member, fol 
lowed by excitation of glow discharge to form a plasma 
atmosphere of these gases, thereby forming an upper 
layer on the photoconductive layer. 
Each of the gases for introduction of respective 

atoms may be used not only alone a single species but 
with mixing plural species at a predetermined ratio. 

In case of the reactive sputtering method, sputtering 
can be effected by using a target of Si in a plasma atmo 
sphere of a gas comprising desired starting substances 
for introduction of desired atoms to form the upper 
layer. For example, when halogen atoms are to be intro 
duced into the upper layer formed, a gas of the aforesaid 
halogen compound or the SlllCOlll compound containing 
halogen atoms may be introduced into the deposition 
chamber to form a plasma atmosphere therein. Like 
wise, for introducing carbon atoms, oxygen atoms or 
nitrogen atoms into the upper layer, a corresponding 
starting gas for introduction of these atoms is intro 
duced into the deposition chamber. 

Alternatively, the upper layer can be formed accord 
ing to the reactive sputtering method by using a single 
crystalline or polycrystalline Si wafer, Si3N4 wafer, a 
wafer containing Si and Si3N4 mixed therein, SiO2 wafer 
or a wafer containing Si and SiO; mixed therein as 
target, and effecting sputtering of these in various gas 
atmospheres so that desired upper layer may be formed. 
For example, when Si wafer is used as target, the start 
ing gas for introduction of N and H, for example, Hz 
and N; or NH3, which may optionally be diluted with a 
diluting gas, if desired, are introduced into the deposi 
tion chamber for sputtering to form a gas plasma of 
these gases and effect sputtering of the aforesaid Si 
wafer. As other methods, by use of separate targets of Si 
and Si3N4 or one sheet of a mixture of Si and Si3N4, 
sputtering can be effected in a gas atmosphere contain 
ing at least hydrogen atoms (H). 

In the present invention, as the starting material for 
introduction of halogen atoms in forming the upper 
layer, the halogen compounds of silicon compounds 
containing halogens as mentioned above can effectively 
be used. In addition, it is also possible to use effectively 
a gaseous or gassi?able halide containing hydrogen 
atom such as hydrogen halide, including HF, HCl, HBr, 
HI and the like or halogen-substituted silicon hydride, 
including SiH2F2, SlH2C12, SiHIClg, SiH2Br2, SiHBr3 
and the like. 
These halides containing hydrogen atom can prefera 

bly be used as the starting material for introduction of 
halogen atoms, since these halides can introduce hydro 
gen atoms (H) very effectively for controlling electrical 
or optical characteristics into the layer during forma 
tion of the upper layer simultaneously with introduction 
of halogen atoms (X). 
As the starting material for introduction of carbon 

atoms in forming the upper layer, there may be men 
tioned saturated hydrocarbons having 1 to 4 carbons, 
ethylenic hydrocarbons having 1 to 4 carbon atoms and 
acetylenic compounds having 2 to 3 carbon atoms. 
Typical examples are saturated hydrocarbons such as‘ 
methane (CH4), ethane (C2H6), propane (C3Hg), n 
butane (n-C4H10), pentane (C5Hi2) and the like; ethyl 
enic hydrocarbons such as ethylene (C2H4), propylene 
(C3H6), butene-l (C4H3), butene-2 (C4Hg), isocutylene 
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(C4H3), pentene (C5Hlo) and the'like; and acetylenic 
hydrocarbons such as acetylene (CzHz), methylacetyl 
ene (C3H4), butyne (C4H6) and the like. 
The starting material for incorporating oxygen atoms 

into the upper layer may include, for example, oxygen 
(02), ozone (03), carbon monoxide (CO), carbon diox 
ide (CO2), nitrogen monoxide (NO), nitrogen dioxide 
(N02), dinitrogen monoxide (N20), etc. 
The starting material for incorporating nitrogen 

atoms into the upper layer may include compounds 
containing nitrogen within the above-mentioned start 
ing material for incorporating oxygen atoms, and also 
include, for example, gaseous or gassi?able nitrogen 
compounds such as nitrogen, nitrides or azides consti 
tuted of nitrogen or nitrogen and hydrogen, as exempli 
fled by nitrogen (N2), ammonia (NH3), hydrazine 
(HzNNHz), hydrogen azide (HN3), ammonium azide 
(NH4N3), etc. 

In addition to those mentioned above, as the starting 
materials useful for formation of the upper layer, there 
are halogen-substituted paraf?nic hydrocarbons such as 
CCl4, CHF3, CHZFZ, CH3F, CH3Cl, CH3Br, CH3I, 
C2H5Cl, etc.; ?uorinated sulfur compounds such as SF4, 
SF6, etc.; alkyl silanes such as Si(CH3)4, Si(C2H5), etc.; 
and halogen-containing alkyl silanes such as 
SiCl(CH3)3, SiCl2(CH3)2, SiCl3CH3, etc. 
These starting materials for formation of the upper 

layer are suitably selected in forming the layer so that 
the required atoms may be contained as constituent 
atoms in the upper layer formed. 
For example, when using the glow discharge method, 

there may be employed a single gas such as Si(CI-I3)4, 
SiCl2(CH3)2, and the like, or a gas mixture such as SiI-I4 
N20 system, SiH4-O2 (-Ar) system, SiH4-NO2 system, 
SiH4-O2-N2 system, SiCl4-CO2-H2 system, SiCl4-NO 
H2 system, SiH4-NH3 system, SiCl4-NI-I4 system, SiH4 
N2 system, SiH4-NH3-NO system, Si(CH3)4-SiH4 sys 
tem, SiCl2(CH3)2-SiH4 system, and thellike, as the start 
ing material for formation of the upper layer. 
FIG. 3 shows a schematic sectional view for illustra 

tion of another basic embodiment of the photoconduc 
tive member of this invention. 
The photoconductive member 300 as shown in FIG. 

3 is one of the most basic embodiment, having a layer 
structure comprising a support 301 for photoconductive 
member, an intermediate layer 302 provided on said 
support, and a photoconductive layer 303 provided in 
direct contact with said intermediate layer 302. The 
support 301 and the photoconductive layer 303 are 
constituted of the same materials as described for the 
support 101 and the photoconductive layer 103 in FIG. 
1, respectively. 
The intermediate layer 302 is constituted of a non 

photoconductive amorphous material containing as a 
matrix silicon atoms (Si) and carbon atoms (C), and 
containing hydrogen atoms (H) [hereinafter referred to 
as a-(SlxC1-x)y: H1_y, where 0<x< 1, 0<y< l], and has 
the same function as the intermediate layer 102 as de 
scribed in FIG. 1. 
The intermediate layer 302 constituted of a'(Sixc1.x)y: 

I-I|.y may be formed by a glow discharge method, a 
sputtering method, an ion implantation method, an ion 
plating method, an electron-beam method, or the like. 
These production methods are suitably selected, but it is 
preferred to use the glow discharge method or the sput 
tering method for the advantages of relatively easy 
control of the conditions for preparation of photocon 
ductive members having desired characteristics as well 
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as easy feasibleness of introduction of carbon atoms and 
hydrogen atoms together with silicon atoms into the 
intermeidate layer 302 to be prepared. 

Further, in the present invention, the glow discharge 
method and the sputtering method can be used in com 
bination in the same apparatus system to form the inter 
mediate layer 302. 
For formation of the intermediate layer 302 accord 

ing to the glow discharge method, starting gases for 
formation of a-(SixC|.x)y: H1_y, which may optionally be 
mixed with a diluting gas at a predetermined ratio, are 
introduced into the deposition chamber for vacuum 
deposition in which the support 301 is placed, where 
upon gas plasma is formed by exciting glow discharge 
of the gases introduced thereby to effect deposition of 
a-(SiXC1_x)y: H]_y on the aforesaid support 301. 
As the starting gas to be used for formation of a 

(SixC1.x)y: H1.y, most of gaseous substances of gassi?ed 
products of gassi?able substances containing at least 
one of Si, C and H as constituent atoms may be avail 
able. 
When a starting gas having Si as constituent atoms is 

to be used, it is possible to use a mixture of a starting gas 
having Si as constituent atom, a starting gas having C as 
constituent atom, and a gas having H as constituent 
atom at a desired mixing ratio. Alternatively, a mixture 
of a starting gas having Si as constituent atom and a 
starting gas having C and H as constituent atoms at a 
desired mixing ratio can also be used. Further it is also 
possible to use a mixture of starting gas having Si as 
constituent atom and a starting gas having the three 
atoms of Si, C and H as constituent atoms. 
As another method, it is also possible to use a mixture 

of a starting gas having Si and H as constituent atoms 
and a starting gas having C as constituent atom. 

In the present invention, the starting gas to be effec 
tively used for formation of the intermediate layer 302 is 
silanes gas such as SiH4, Si2H6, Si3H3, Si4H10 and the 
like and a gas having C and H as constituent atoms, such 
as saturated hydrocarbons having I to 4 carbon atoms, 
ethylenic carbon atoms having 2 to 4 carbon atoms and 
acetylenic hydrocarbons having‘2 to 3 carbon atoms. 
Typical examples are saturated hydrocarbons such as 
methane (CH4), ethane (CZHG), propane (C3Hg), n 
butane (n-C4H10), pentane (C5H12) and the like; ethyl 
enic hydrocarbons such as ethylene (C2H4), propylene 
(C3H6), butene-l (C4Hg), butene-Z (C4Hg), isobutylene 
(C4H3), pentene (CsHio) and the like; and acetylenic 
hydrocarbons such as acetylene (Cgl-lz), methylacetyl 
ene (C3H4), butyne (C4H6) and the like.v 

Typical examples of the starting gas having Si, C and 
H as constituent atoms are alkyl silanes such as 
Si(CH3)4, Si(C2H5)4 and the like. In addition to these 
starting gases, H; can of course be effectively used as 
the starting gas for introduction of hydrogen atoms (H). 
For formation of the intermediate layer 302 by a 

sputtering method, there may be used a single crystal 
line or polycrystalline Si wafer, C wafer or a wafer 
containing Si and C mixed therein as target, and effect 
ing sputtering of these in various gas atmospheres so 
that desired intermediate layer may be formed. For 
example, when Si wafer is used as target, the starting 
gas for introduction of C and H, which may optionally 
be diluted with a diluting gas, if desired, are introduced 
into the deposition chamber for sputtering to form a gas 
plasma of these gases and effect sputtering of the afore 
said Si wafer. As other methods, by use of separate 
targets of Si and C or one sheet of a molded mixture of 



4,394,425 
13 

Si and C, sputtering can be effected in a gas atmosphere 
containing at least hydrogen atoms (H). 
As the starting gases for introduction of carbon atoms 

(C) and hydrogen atoms (H), there may be employed 
the starting gases exempli?ed in the glow discharge 
method as effective gases also in the sputtering. 

In the present invention, the diluting gas to be used in 
forming the intermediate layer 302 by the glow dis 
charge method or the sputtering method is preferably a 
so-called rare gas such as He, Ne, Ar, etc. _ 
The intermediate layer 302 in the present invention is 

formed carefully so that the characteristics required 
may be given exactly as desired. 
A substance constituted of silicon atoms (Si), carbon 

atoms (C) and hydrogen atoms (H) can structurally take 
a form from a crystalline to amorphous state, exhibiting 
as electrical properties from electroconductive through 
semi-conductive to insulating, and from photoconduc 
tive to non-conductive, respectively. Hence, in the pres 
ent invention, the conditions are severely selected for 
preparation of an a-(SlxC1-x)y:H1.y non-photoconductive 
to so-called visible region. 

Since the function of a-(SixC1_x)y: H|.y constituting 
the intermediate layer 302 of this invention is to bar 
penetration of carriers from the side of the support 301 
into the photoconductive layer 303, while permitting 
easily the photocarriers generated in the photoconduc 
tive layer 303 to be migrated and passed therethrough 
to the side of the support 301, it is desirable that the 
intermediate layer 302 is formed so as to exhibit insulat 
ing behaviors in the visible region. 
As another critical element in the conditions for pre 

paring a'(SixC1-x)y:H].y so as to have a mobility value 
with respect to passing carriers to the extent that pass 
ing of photocarriers generated in the photoconductive 
layer 303 may be passed smoothly through the interme 
diate layer 302, there may be mentioned the support 
temperature during preparation thereof. 

In other words, upon forming an intermediate layer 
302 constituted of a‘(SixCl.x)y:H]_y on the surface of the 
support 301, the support temperature during the layer 
formation is an important factor affecting the structure 
and characteristics of the layer formed. In the present 
invention, the support temperature during the layer 
formation is severely controlled so that a-(SiXCI. 
x)y:H1.y having the desired characteristics may be pre 
pared exactly as desired. . 

In order that the objects of the present invention may 
be achieved effectively, the support temperature during 
formation of the intermediatelayer 302, which is suit 
ably selected within an optimum range depending on 
the method employed for formation of the intermediate 
layer 302, is generally 100 to 300° C., preferably 150° to 
250° C. 
For formation of the intermediate layer 302, it‘ is 

advantageous to adopt a glow discharge method or a 
reaction sputtering method, since these methods can 
afford severe controlling of the atomic ratios constitut 
ing each layer or layer thicknesses with relative ease as 
compared with other methods and it is possible to form 
continuously the photoconductive layer 303 on the 
intermediate layer 302 and further a third layer to be 
formed on the photoconductive layer 303 in the same 
system, if desired. In case of forming the intermediate 
layer 302 according to these layer forming methods, the 
discharging power and the gas pressure during layer 
formation may also be mentioned, similarly as the sup 
port temperature as described above, as an important 
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factor influencing the characteristics of a-(SixCn 
x)y:H1_y to be prepared. 

In such methods for preparation of the intermediate 
layer, the discharging power condition for preparing 
effectively with good productivity ?-(SlxC1-x)yiH1.y 
having characteristics for accomplishment of the object 
of this invention is generally 1 W through 300 W, pref 
erably 2 W to 100 W. The gas pressure in the deposition 
chamber is generally in the range of from 0.01 to 5 Torr, 
preferably from 0.1 to 0.5 Torr. 
The contents of the carbon atoms and hydrogen 

atoms in the intermediate layer 302 in the photoconduc 
tive member 300 of this invention are also important 
factors for forming the intermediate layer 302 with 
desired characteristics to achieve the objects of this 
invention, similarly to the condition for preparation of 
the intermediate layer 302. 
The content of carbon atoms (C) in the intermediate 

layer 302 of this invention is generally 30 to 90 atomic 
%, preferably 40 to 90 atomic %, most preferably 50 to 
80 atomic %. As for the content of the hydrogen atoms 
(H), it is generally 2 to 35 atomic %, preferably 5 to 30 
atomic %. The photoconductive member with the con 
tent of hydrogen atoms within the speci?ed range can 
be suf?ciently useful in practical applications. 

In terms of the representation a-(SixC1_x)y:H1.y as 
previously indicated, x is generally 0.1 to 0.5, preferably 
0.1 to 0.35, most preferably 0; 15 to 0.30, and y is gener 
ally 0.99 to 0.60, preferably 0.98 to 0.65, most preferably 
0.95 to 0.70. . 

The layer thickness of the intermediate layer 302 in 
the present invention is also another important factor to 
achieve effectively the objects of' the present invention 
and it is desired to be within the same numerical range 
as speci?ed with respect to the intermediate layer 102 in 
FIG. 1. 
FIG. 4 shows a schematic sectional view of another 

embodiment in which the layer constitution of the pho 
toconductive member as shown in FIG. 3 is modi?ed. 
The photoconductive member 400 as shown in FIG. 

4 has the same layer structure as that of the photocon 
ductive member 300 shown in FIG. 3, except that the 
upper layer 405 having the same function as the inter 
mediate layer 402 is provided on the photoconductive 
layer 403. 

In other words the photoconductive member 400 has 
an intermediate layer 402, which is made of the same 
material a'(SixCl_x)y:Hl_y as that of the intermediate 
layer 302 so as to have the same function, as that of the 
intermediate layer 302, on the support 401 similar to the 
support 101, a photoconductive layer 403 constituted of 
a-Si:H similar to the photoconductive layer 103, and the’ 
upper layer 405 having the free surface 404 which is 
provided on said photoconductive layer 403. 
The upper layer 405 has the same function as that of 

the upper layer 205 shown in FIG. 2. 
The upper layer 405 may be constituted of a-(SixC1. 

x)y:I-I1.y having the same characteristics as that of the 
intermediate layer 402. Alternatively, the upper layer 
405 may be constituted of an amorphous material com 
prising silicon atoms (Si) and nitrogen atoms (N) or 
oxygen atoms (0), which are the matrix atoms consti 
tuting the photoconductive layer or comprising these 
matrix atoms containing further hydrogen atoms; such 
as a-SiaNM, (a-SiaN1_n)b:H1.b, a-Si.,0 1.6, (a-SiL-O1.C),1:H1. 
d and the like; an inorganic insulating material such as 
SiNO, A1203, and the like; or organic insulating materi 
als such as polyesters, poly-p-xylylene, polyurethanes, 
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and the like. However, in view of the productivity, 
mass productivity as well as the electrical and environ 
mental stabilities during use, the material constituting 
the upper layer 405 is desirably a-(SixC1.x)y:H1.y having 
the same characteristics as that of the intermediate layer 
402 or a-SixC1.x containing no hydrogen atom. 

In addition to those mentioned above, other materials 
suitable for constituting the upper layer 405 may in 
clude amorphous materials containing as matrix at least 
two of C, N and 0 together with silicon atoms, and also 
containing halogen atoms, or halogen atoms and hydro 
gen atoms. 
As the halogen atom, there may be mentioned F, Cl, 

Br, etc., but an amorphous material containing F is 
effective with respect to thermal stability. 
FIG. 5 shows a schematic sectional view of still an 

other embodiment of the photoconductive member of 
this invention. 
The photoconductive member 500 shown in FIG. 5 

has a layer structure comprising a support 501 for pho 
toconductive member, an intermediate layer 502 pro 
vided on said support and a photoconductive layer 503 
provided in direct contact with said intermediate layer 
502. 
The support 501 and the photoconductive layer 503 

are constituted of the same materials as described for 
the support 101 and the photoconductive layer 103 in 
FIG. 1, respectively. 
The intermediate layer 502 is constituted of a non 

photoconductive amorphous material contains as ma 
trix silicon atoms and carbon atoms, and also containing 
halogen atoms (X) [hereinafter referred to as a-(SixC1. 
x)y:X1.y], where 0<x<l, 0<y< l. ' 
The intermediate layer 502 constituted of a-(SixC1_ 

x)y:X1_y may be formed according to the same method as 
described in formation of the intermediate layer 302 in 
FIG. 3. 
For formation of the intermediate layer 502 accord 

ing to the glow discharge method, a starting gas for 
formation of a-(SixC1-x)y:X1.y, which may optionally be 
mixed with a diluting gas at a predetermined ratio, is 
introduced into the deposition chamber for vacuum 
deposition in which the support 501 is placed, where 
upon gas plasma is formed by exciting glow discharge 
of the gas introduced thereby to effect deposition of 
a-(SixC1.,¢)’,,:X1.y on the aforesaid support 501. 
As the starting gas to be used for formation of a 

(SiXC1.x)y:X1.y, most of gaseous substances or gassified 
products of gassi?able substances containing at least 
one of Si, C and X as constituent atoms may be avail 
able. 
When a starting gas having Si as constituent atoms is 

to be used, it is possible to use a mixture of starting gas 
having Si as constituent atom, a starting gas having C as 
constituent atom, and a gas having X as constituent 
atom at a desired mixing ratio. Alternatively, a mixture 
of a starting gas having Si as constituent atom and a 
starting gas having C and X as constituent atoms at a 
desired mixing ratio can also be used. Further it is also 
possible to use a mixture of a starting gas having Si as 
constituent atom and a starting gas having the three 
atoms of Si, C and X as constituent atoms. 
As another method, it is also possible to use a mixture 

of a starting gas having- Si and X as constituent atoms 
and a starting gas having C as constituent atom. 

In the present invention, preferable halogen atoms 
(X) are F, Cl, Br and I, especially F and C1. 

15 

25 

30 

55 

65 

16 
In the present invention, the intermediate layer 502, 

which is constituted of a-(SixCl-x)y3X1_y, may further 
contain hydrogen atoms (H) incorporated therein. In 
the case of such a system of layer-structure containing 
hydrogen atoms incorporated in the intermediate layer 
502, a part of the starting gases can commonly be used 
in continuous formation of layers subsequent to the 
formation of the photoconductive layer 503 to a great 
advantage in production cost. 

In the present invention, the starting gases which can 
effectively be used in formation of the intermediate 
layer 502 are those which are gaseous at normal temper 
ature under normal pressure or which can readily be 
gassi?ed. i 

Such materials for formation of the intermediate layer 
may include, for example, saturated hydrocarbons hav 
ing 1 to 4 carbon atoms, ethylenic hydrocarbons having 
1 to 4 carbon atoms and acetylenic compounds having 2 
to 3 carbons atoms as mentioned above. In addition, it is 
also possible to use simple substances of halogen, hydro 
gen halides, interhalogen compounds, silicon halides, 
halogen-substituted silicon hydrides, silanes, etc. More 
speci?cally, there may be included simple substances of 
halogen such as halogenic gases of ?uorine, chlorine, 
bromine and iodine; hydrogen halides such as HF, HI, 
HCl, HBr, etc.; interhalogen compounds such as BrF, 
ClF, ClF3, ClF5, BrF5, B1'F3, IF7, IF5, 1C1, IBr, etc.; 
silicon halides such as SiF4, Si2F6, SiCl4, SiCl3Br, 
SiCl2Br2, SiClBr3, SiCl3I, SiBr4, etc.; halogen-sub 
stituted silicon hydrides such as SiHZFZ, SiHZCIZ, 
SiHCl3, SiH3Cl, SiH3Br, SiHzBrz, SiHBr3; and silanes 
such as SiH4, Si2H6, Si3Hg, Si4H10, and the like. 

In addition to those mentioned above, as the starting 
materials useful for formation of the intermediate layer 
502, there are halogen~substituted paraf?nic hydrocar 
bons such as CCl4, CHF3, CHZFZ, CH3F, CH3Cl, 
CH3Br, CH3I, C2H5Cl, and the like; ?uorinated sulfur 
compounds such as SF4, SP6, and the like; alkyl silanes 
such as Si(CH3)4, Si(C2H5), etc; and halogen-containing 
alkyl silanes such as SiCl(CH3)3, SiCl2(CH3)2, 
SiCl3CH3, and the like. 
The starting materials for formation of these interme 

diate layers are selected and used in formation of the 
intermediate layers so that the silicon atoms (Si), carbon 
atoms (C) and halogen atoms (X), and, if necessary, 
hydrogen atoms (H) may be contained at a predeter 
mined ratio in the intermediate layer to be formed. 
For example, an intermediate layer comprising a 

SixC1_x:Cl:H can be formed by introducing Si(,CH3)4, 
which can form readily the intermediate layer with 
desired characteristics containing silicon atoms, carbon 
atoms‘ and hydrogen atoms, and a gas such as SiHCl3, 
SiCl4, SiH2Cl2, SiH3Cl and the like for incorporation of 
halogen atoms at a predetermined mixing ratio in a 
gaseous state into the device for formation of the inter 
mediate layer, followed by excitation of glow discharge 
therein. 
For formation of the intermediate layer 502 by a 

sputtering method, there may be used a single crystal 
line or polycrystalline Si wafer, C wafer or a wafer 
containing Si and C mixed therein as target, and effect 
ing sputtering of these in various gas atmospheres, con 
taining halogens and, if necessary, hydrogens as constit 
uent elements. 
For example, when Si wafer is used as target, the 

starting gas for introduction of C and X, which may 
optionally be diluted with a diluting gas, if desired, are 
introduced into the deposition chamber for sputtering 
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to form a gas plasma of these gases and effect sputtering 
of the aforesaid Si wafer. As other methods, by use of 
separate targets of Si and C or one sheet of a molded 
mixture of Si and C, sputtering can be effected in a gas 
atmosphere containing at least halogen atoms. 
As the starting gases for introduction of carbon atoms 

(C) and halogen atoms (X), if necessary, and hydrogen 
atoms (H), there may be employed the starting gases 
exempli?ed in the above-mentioned glow discharge 
method as effective gases also in the sputtering. 

In the present invention, the diluting gas to be used in 
forming the intermediate layer 502 by the glow dis 
charge method or the sputtering method is preferably a 
so-called rare gas such as He, Ne, Ar, and the like. 
The intermediate layer 502 in the present invention is 

formed carefully so that the characteristics required 
may be given exactly as desired. 

Since the function of the intermediate layer 502 is the 
same as that of the intermediate layer described above, 
a-(SiXC1.,,)y:X1.y constituting the intermediate layer 502 
is formed so as to exhibit electrically insulating behav 
IOI'S. 

a-(SiXC1.,¢)y:X1.y is prepared so that the a-(SixC1 
x)y:X1.y can possess a mobility value with respect to 
passing carriers to the extent that passing of photocarri‘ 
ers generated in the photoconductive layer 503 may be 
passed smoothly through the intermediate 502. As an 
important element in the conditions for preparing a 
(Si,,C1_,,)y:X1.y having the above-mentioned characteris 
tics, there may be'mentioned the support temperature 
during preparation thereof. In the present invention, the 
support temperature during the layer formation, is se 
verely controlled so that the a-(SIxC1-x)y:Xl-y having the 
desired characteristics may be prepared exactly as de 
sired. 

In order that the objects of the present invention may 
be achieved effectively, the support temperature during 
formation of the intermediate layer 502, which is suit 
ably selected conveniently within an optimum range 
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depending on the method employed for formation of 40 
the intermediate layer 502, is generally 100° to 300° C., 
preferably 150° to 250° C. 
For formation of the intermediate layer 502, it is 

advantageous to adopt a glow discharge method or a 
sputtering method, since these methods can afford se 
vere controlling of the atomic ratios constituting each 
layer or layer thicknesses with relative ease as com 
pared with other methods and it is possible to form 
continuously the photoconductive layer 503 on the 
intermediate layer 502 and further a third layer to be 
formed on the photoconductive layer 503 in the same 
system, if desired. In case of forming the intermediate 
layer 502 according to these layer forming methods, the 
discharging power during layer formation may also be 
mentioned, similarly to the support temperature as de 
scribed above, as an important factor influencing the 
characteristics of a"(sixC]-x)y:Xl.y to be prepared. 

In such methods for preparation of the intermediate 
layer, the discharging power condition for preparing 
effectively with good productivity a-(SlxCl-x)yIx1_y 
having characteristics for accomplishment of the object 
of this invention is generally 10 W to 200 W, preferably 
20 W to 100 W. The gas pressure in the deposition 
chamber is generally in the range of from 0.0] to 1 Torr, 
preferably from 0.1 to 0.5 Torr. 
The contents of the carbon atoms (C) and halogen 

atoms (X) in the intermediate layer 502 in the photocon 
ductive member of this invention are also important 
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factors for forming the intermediate layer 502 with 
desired characteristics to achieve the objects of this 
invention, similarly to the condition for preparation of 
the intermediate layer 502. 
The content of carbon atoms (C) in the intermediate 

layer 502 of this invention is generally 40 to 90 atomic 
%, preferably 50 to 90 atomic %, most preferably 60 to 
80 atomic %. As for the content of the halogen atoms 
(X), it is generally 1 to 20 atomic %, preferably 2 to 15 
atomic %. The photoconductive member formed with 
the content of halogen atoms within the speci?ed range 
can be sufficiently useful in practical applications. As 
the content of hydrogen atoms (H) contained, if neces 
sary, it is generally 19 atomic % or less, preferably 13 
atomic % or less. 

In terms of the representation a'(SixC1_x)yIX[_y as 
previously indicated, x is generally 0.1 to 0.47, prefera 
bly 0.1 to 0.35, most preferably 0.15 to 0.30, and y is 
generally 0.99 to 0.80, preferably 0.99 to 0.82, most 
preferably 0.98 to 0.85. 
When both of halogen atoms and hydrogen atoms are 

contained, the numerical ranges for x and y in terms of 
representation of a"(SixC1-x)y:(H + X) 1.y are substantially 
the same as in the case of a-(SixC1.x)y:X1.y. 
The layer thickness of the intermediate layer 502 in 

the present invention is also another important factor to 
achieve effectively the objects of the present invention 
and it is desired to be within the same numerical range 
as speci?ed with respect to the intermediate layers pre 
viously described. 
FIG. 6 shows a schematic sectional view of another 

embodiment in which the layer constitution of the pho 
toconductive member as shown in FIG. 5 is modi?ed. 
The photoconductive member 600 shown in FIG. 6 

has the same layer structure as that of the photoconduc 
tive member 500 shown in FIG. 5, except that the upper 
layer 605 having the same function as the intermediate 
layer 602 is provided on the photoconductive layer 603. 

In other words, the photoconductive member 600 has 
an intermediate layer 602, which is made of the same 
material as that of the intermediate layer 502 so as to 
have the same function as that of the layer 502, on the 
support 601 a photoconductive layer 603 constituted of 
a-Si:H similar to the photoconductive layer 503, and the 
upper layer 605 having the free surface 604 which is 
provided on said photoconductive layer 603. 
The upper layer 605 has the same function as that of 

the upper layer 205 shown in FIG. 2 or the upper layer 
405 shown in FIG. 4. 
The upper layer 605 has the same characteristics as . 

that of the intermediate layer 602, and is constituted of 
a-(SixC1-x)y:X|_y which may contain hydrogen atoms, if 
necessary. Alternatively, the upper layer 605 may be 
constituted of an amorphous material comprising silicon 
atoms (Si) and nitrogen atoms (N) or oxygen atoms (0), 
which are matrix atoms constituting the photoconduc 
tive layer 603 or constituted of these matrix atoms con 
taining further hydrogen atoms or/and halogen atoms, 
such as a-SiaNM, a-(SiaN1.,,)b:H|.1,, a-(siaNl. 
‘1)b:(H+X)l-b, a'SicOl-c, a"(SiCOl-C)d:Hl-da a“(sicol 
c)d:(H+X)1.d, and the like; an amorphous material con 
taining these atoms as matrix and containing hydrogen 
atoms or/and halogen atoms; an inorganic insulating 
material such as SiNO, A1203, and the like; or organic 
insulating materials such as polyesters, poly-p-xylylene 
and polyurethanes and the like. Illowever, in view of the 
productivity, mass productivity as well as the electrical 
and environmental stabilities during use, the material 
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constituting the upper layer 605 is desirably a-(SixC1. 
x)y:X1_y having the same characteristics as that of the 
intermediate layer 602, a-SixCH containing no halogen 
atom, or a-(SixC1.x)y:I-I1.y. As the materials constituting 
the upper layer 605 in addition to those as mentioned 
above, there may preferably be used amorphous materi 
als having silicon atom and at least two atoms of C, N 
and O as matrix atoms, and containing halogen atoms, 
or halogen atoms and hydrogen atoms. As the halogen 
atoms, there may be mentioned F, Cl, Br, and the like, 
but among the amorphous materials as mentioned 
above, those containing F are effective from standpoint 
of thermal stability. 
FIG. 7 shows a schematic sectional view for illustra 

tion of the basic embodiment of the photoconductive 
member of this invention. 
The photoconductive member 700 shown in FIG. 7 is 

one of the most basic embodiment, having a layer struc 
ture comprising a support 701 for photoconductive 
member, an intermediate layer 702 provided on said 
support, and a photoconductive layer 703 provided in 
direct contact with said intermediate layer 702. 
The support 701 and the intermediate layer 702 are 

made of the same materials as that of the support 101 
and the intermediate layer 102, respectively, and can be 
prepared by the same method and under the same con 
ditions as those, respectively. 

In the present invention, in order to achieve its ob 
jects effectively, the photoconductive layer 703 over 
laid on the intermediate layer 702 is constituted of a 
Si:X having the semi-conductor characteristics as 
shown below. 

6. p-type a-SizX . . . Containing only acceptor or 

containing both donor and acceptor with higher con 
centration of acceptor (Na). 

7. p—-type a-Si:X . . . A type of 6, that containing 
acceptor at low concentration (Na), for example, being 
doped very lightly with so-called p-type impurities. 

8. n-type a-Si:X . . . Containing only donor or contain 
ing both donor and acceptor with higher concentration 
of donor (Nd). 

9. n—-type a-Si:X . . . A type of 8 which contains 

donor at low concentration (Nd), for example, being 
doped very lightly witn n-type impurities or non-doped. 

10. i-type a-Si:X . . . Wherein Na=Nd=O or Na=Nd, 

for example, being lightly doped with p-type impurities. 
In the present invention, a-Si:X constituting the pho 

toconductive layer 703, since it is provided through the 
intermediate layer 702 on the support, one having rela 
tively lower electric resistivity can be used, but for 
obtaining better results, the dark resistivity of the pho 
toconductive layer 703 formed may preferably be 
5><l09 (1cm or more, most preferably 1010 Gem or 
more. 

In particular, the numerical condition for the dark 
resistivity values is an important factor when using the 
prepared photoconductive member as an image forming 
member for electrophotography, as a high sensitive 
reading device or an image pickup device to be used 
under low illuminance regions, or as a photoelectric 
converter. 

In the present invention, typical examples of halogen 
atoms (X) incorporated in the photoconductive layer 
703 may include ?uorine, chlorine, bromine and iodine. 
Among them, fluorine and chlorine are particularly 
preferred. 
The expression “X contained or incorporated in the 

layer” herein mentioned means the state, in which “X is 
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bonded to Si”, or in which “X is ionized to be incorpo 
rated in the layer”, or in which “X is incorporated in a 
form of X2 in the layer”. 

In the present invention, the layer constituted of a 
Si:X is formed by the vacuum deposition method, utiliz 
ing discharging phenomenon, such as the glow dis 
charge method, the sputtering method, the ion plating 
method, and the like. For example, in order to form 
a-Si:X layer according to the glow discharge method, a 
starting gas for introduction of halogen atoms together 
with a Si-supplying starting gas capable of supplying Si 
are fed into a deposition chamber, which can be brought 
internally to reduced pressure, and glow discharging is 
excited in said deposition chamber thereby to form a 
layer of a-Si:X on the surface of the support previously 
placed at a predetermined position therein. When the 
layer is formed according to the sputtering method, a 
gas for introduction of halogen atoms may be intro~ 
duced into the deposition chamber for sputtering when 
effecting sputtering of Si target in an atmosphere of an 
inert gas such as Ar or He, or a gas mixture principally 
composed of these gases. 
The starting gas for supplying Si to be used in the 

present invention for formation of the photoconductive 
layer 703 may include those as described above for 
formation of the photoconductive layer 103 shown in 
FIG. 1. 

In the present invention, the effective starting gases 
for introduction of halogen atoms in forming the photo 
conductive layer 703 may include a number of halogen 
compounds, preferably gaseous or gassi?able halogen 
compounds, such as, for example, halogen gases, ha 
lides, interhalogen compounds and halogen-substituted 
silane derivatives. 

Further it is also possible to use effectively a gaseous 
or gassi?able silicon compound containing halogen 
atoms, which is capable of supplying silicon atoms (Si) 
and halogen atoms (X) in the same time. 
The halogen compounds preferably used in the pres 

ent invention are halogenic gases such as ?uorine, chlo 
rine, bromine and iodine; interhalogen compounds such 
as BrF, ClF, ClF3, BrF5, BrF3, IF7, IF5, ICl, IBr, and 
the like. 
As a silicon compound containing halogen atoms, 

namely so called halogen-substituted silane derivative, 
silicon halides such as SiF4, Si2F6, SiC14, SiBr4, and the 
like are preferred. 
When the photoconductive layer 703 is formed ac 

cording to a glow discharge method by use of such a 
halogen-containing silicon compound, a photoconduc 
tive layer of a-Six:X can be formed on a predetermined 
support without use of silane gas as a starting gas capa 
ble of supplying Si. 

In forming the photoconductive layer of a-Si:X ac 
cording to a glow discharge method, the basic proce 
dures comprises feeding a starting silicon halide gas for 
supplying Si together with a gas such as Ar, H2, He, and 
the like at a predetermined mixing ratio in a suitable gas 
flow amount into the deposition chamber for formation 
of the photoconductive layer of a-SizX, followed by “ 
excitation of glow discharge to form, a plasma atmo 
sphere of these gases, thereby forming photoconductive 
layer of a-Si:X in contact with the intermediate layer 
formed on a support. It is also possible to mix further a 
gas of a silicon compound containing hydrogen atoms 
together with these gases in a suitable amount. ' 
Each of these gases may be used not only along a 

single species but with mixing of plural species at a 
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predetermined ratio. In forming the photoconductive 
layer of a-Si:X by a reactive sputtering method or an ion 
plating method, for example, in case of the reactive 
sputtering method, sputtering can be effected by using a 
target of Si in a plasma atmosphere. In case of the ion 
plating method, a polycrystalline silicon or a single 
crystalline silicon is placed as a source in a vapor depo 
sition boat, which silicon source is vaporized by heating 
according to a resistance heating method or an electron 
beam method, thereby permitting the vapors dissipated 
from the boat to pass through a gas plasma atmosphere. 

In either of the sputtering method and the ion plating 
method, halogen atoms can be introduced into the layer 
to be formed by feeding a gas of the aforesaid halogen 
compound or the aforesaid halogen-containing silicon 
compound into the deposition chamber to form a 
plasma atmosphere of said gas therein. 

In the present invention, the above halogen com 
pounds or halogen-containing silicon compounds can 
effectively be used. Additionally, it is also possible to 
use as effective substance for formation of the photo 
conductive layer a gaseous or a gassi?able halide con~ 
taining hydrogen as one of the constituent elements, as 
exempli?ed by hydrogen halides such as HF, HCl, HBr, 
HI, and the like; halogen-substituted silanes such as 
SiHZFZ, SiHzClz, SiI'ICl3, SiH2Br2_, SiHBr3, and the 
like. 

In the present invention these halides containing hy 
drogen atoms may preferably be used as starting gases 
for introduction of halogen atoms, since they can also 
introduce hydrogen atoms, which can very effectively 
control the electrical or photoconductive characteris 
tics, simultaneously with introduction of halogen atoms 
into the photoconductive layer. 

Alternatively, in order to incorporate hydrogen 
atoms structurally into the photoconductive layer of 
a‘Si:X, it is also possible to use materials outside those as 
mentioned above, such as H; or silane gases such as 
SiI-I4, Si2H6, Si3H3, Sid-I10, and the like. Such gases can 
be permitted to coexist with a silicon compound for 
formation of Si in the deposition chamber for conduct~ 
ing discharge. 
For example, in a reactive sputtering method, Si tar 

get is used, and a gas for introduction of halogen atoms 
and H2 gas together with, if necessary, an inert gas such 
as He, Ar, and the like are introduced into the deposi 
tion chamber to form a plasma atmosphere, thereby 
effecting sputtering of the aforesaid Si target, to form 
on the surface of a support a photoconductive layer of 
a-SizX having desired characteristics with hydrogen 
atoms incorporated therein. 

Further, it is also possible to introduce a gas such as 
BZHG, PH}, PF3, and the like so that addition of impuri 
ties may also concurrently be effected. 

In the present invention, the content of halogen 
atoms or the total contents of halogen atoms (X) and 
hydrogen atoms (H) in the'photoconductive layer is 
generally 1 to 40 atomic %, preferably 5 to 30 atomic 
%. 
The content of H in the layer can be controlled by the 

depositing support temperature or/and the quantity of 
the starting material for incorporation of H to be intro 
duced into the deposition device, discharging power 
and the like. 

In order to make the photoconductive layer 703 of 
n-type, p-type or n-type impurity, or both may be added 
into the layer in a controlled amount during formation 
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of the layer by the glow discharge method or the reac 
tive sputtering method. ' 
As the impurity to be doped into the photoconduc 

tive layer 703 to make it p-type or i-type, there may be 
mentioned preferably an elements in Group III A of the 
periodic table, for example, B, Al, Ga, In, T], and the 
like. 
On the other hand, for obtaining a n-type, there may 

preferably be used elements in Group V A, of the peri 
odic table, such as N, P, As, Sb, Bi, and the like. 

In addition, for example, it is also possible to control 
the layer to n-type by interstitial addition of Li or others 
though thermal diffusion or implantation. The amount 
of the impurity to be added into the photoconductive 
layer 703, which is determined suitably depending on 
the electrical and optical characteristics desired, but in 
the range of, in the case of elements in Group III A of 
the periodic table, generally from l0—6 to 10-3 atomic 
ratio, preferably from 10-5 to 10-4 atomic ratio, and, in 
the case of elements in Group V A of the periodic table, 
generally from 10*8 to l0—3 atomic ratio, preferably 
from 10*8 to 10-4 atomic ratio. 
FIG. 8 shows a schematic sectional view of another 

embodiment of the photoconductive member of this 
invention in which the layer structure shown in FIG. 7 
is modified. The photoconductive member 800 as 
shown in FIG. 8 has the same layer structure as that of 
the photoconductive member 700 shown in FIG. 7, 
except that the upper layer 805 having the same func 
tion as that of the intermediate layer 802 is provided on 
the photoconductive layer 803. 

In other words, the photoconductive member 800 has 
an intermediate layer 802, which is made of the same 
material, a-SixCpx, as that of the intermediate layer 702 
so as to have the same function as that of the layer 702, 
on the support 801, a photoconductive layer 803 consti 
tuted of a-Si:X to which H may‘ be optionally intro 
duced in a similar manner to described in the case of the 
photoconductive layer 703 shown in FIG. 7, and the 
upper layer 805 having the free surface 804, which is 
provided on the photoconductive layer 803. 
The upper layer 805 has the same functions as de 

scribed above for the embodiments as shown above and 
is constituted of the same material. 
. The photoconductive member 900 shown in FIG. 9 
has a layer structure comprising a support 901 for pho 
toconductive member, an intermediate layer 902 similar 
to the intermediate layer shown in FIG. 3 provided on 
said support, and a photoconductive layer 903 provided 
in direct contact with said intermediate layer 902. 
The support 901 may be either electroconductive, or 

‘insulating in nature as previously described for the sup 
port in the embodiments set forth above. 
The photoconductive member 1000 shown in FIG. 

10 has the same layer structure as the photoconductive 
member 900 shown in FIG. 9, except that the upper 
layer 1005 having the same function as that of the inter 
mediate layer ]1002 is provided on the photoconductive 
layer 1003. ' 

In other words, the photoconductive member 1000 
has an intermediate layer 1002, which is made of the 
same material, a-(SixC1-x)y=H1.y as that of the intermedi 
ate layer 902 so as to have the same function as that of 
the layer 902, on the support 1001, a photoconductive 
layer 1003 constituted of a-Si:X similar to the photocon 
ductive layer 703 further containing hydrogen atoms 
(H) if desired, and the upper layer 1005 having the free 












































































